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We report a series of patients with postextubation pulmonary edema who had no obvious risk
factors for the development of this syndrome.
Methods: Patients identified by the pulmonary consultation service at an academic medical
center were reviewed.
Results: Fourteen cases were collected and analyzed. The average age was 34.5 years; 12
patients were male. The average BMI was 25.5. None had documented previous lung disease.
Most operations were scheduled as outpatient procedures, and the type of surgery ranged from
an incision and drainage of a bite wound to an open reduction- internal fixation of the radius.
None of the patients had upper airway surgery. The length of surgeries ranged from 27 to
335 min. Laryngospasm was the most commonly identified obstructing event postextubation.
Treatment involved airway support when needed, supplemental oxygen, and diuretics.
Conclusions: It would appear that all patients, especially young men, are at risk for the devel-
opment of this syndrome and that the pathogenesis remains uncertain in many cases.
ª 2008 Elsevier Ltd. All rights reserved.Introduction
Pulmonary edema can occur in the immediate postopera-
tive period, and this may reflect intraoperative cardiac6)743 3155; fax: þ1(806)743
sc.edu (M.P. Phy).
8 Elsevier Ltd. All rights reservedevents resulting in cardiogenic pulmonary edema. It can
also develop after other intraoperative and postoperative
events, including aspiration and laryngospasm. Postextuba-
tion pulmonary edema develops as a consequence of
laryngospasm, and these patients have acute respiratory
distress, significant hypoxemia, and bilateral infiltrates.1,2
They usually require immediate attention in the postanes-
thesia recovery room. In most series these patients have
risk factors for this syndrome. However, not all patients.
1660 Z. Mulkey et al.have identified risks, and the pathogenesis in these patients
remains unclear.
Materials and methods
Cases of postextubation pulmonary edema were collected
by the pulmonary consult service between 1988 and 2007.
These cases were defined as any patient age 18 or older
who had general anesthesia and developed immediate
postoperative pulmonary edema and hypoxia. These
hospital records were systematically reviewed for informa-
tion regarding risk factors, specific characteristics of the
acute event, and treatment. This study was approved by
the IRB at Texas Tech University HSC in Lubbock, TX.
Results
Fourteen cases were collected and analyzed (Table 1). The
average age was 34.5 years; 12 patients (85.7%) were male.
TheaverageBMIwas25.5.Nonehaddocumented lungdisease
or sleep apnea. Forty three percentwere smokers. Most oper-
ationswerescheduledasoutpatient procedures, andthe type
of procedure ranged from an incision and drainage of a bite
wound to anORIF of the radius. None involved theupper aero-
digestive tract. General endotracheal anesthesia was used in
all cases. The length of the surgeries ranged from 27 to
335 min. Laryngospasm was the most commonly noted
obstructing event (recorded in the chart in 7 of 14). Treat-
ment involved airway support when needed, supplemental
oxygen, and diuresis (13/14 cases). All survived.
Discussion
The incidence of postoperative laryngospasm ranges from
0.05 to 1% in patients undergoing general anesthesia.2 Visva-
nathan et al. identified 189 reports of laryngospasm out of
4000 incidents reported to the Australian Incident Monitoring
Study.1 Most of these cases occurred during emergence from
anesthesia; they had desaturation (61%), bradycardia (11%),
postextubation pulmonary edema (4%), and aspiration (3%).Figure 1 AP chest x-ray reveals bilateral, perihilar, intersti-
tial infiltrates consistent with pulmonary edema.Some patients with laryngospasm require acute intervention,
and in this series 43% required intubation and 28% required
oxygen/cpap/ippv. Patients with postextubation pulmonary
edema typically have had uncomplicated anesthetic and
operative courses. Following extubation, they develop upper
airway obstructions secondary to laryngospasm. This may
develop from repeated airway stimulation from an endotra-
cheal tube or a difficult intubation, from the accumulation
of blood and secretions into the posterior pharynx during
surgery, from vomiting, or from hyperreactive laryngeal
reflexes related to chronic smoking, occult asthma or esoph-
ageal reflux.3 Laryngospasm also occurs in patients who are
extubated in Stage 2 anesthesia rather than in Stage 1 (fully
awake). In most series patients also have other risk factors
which contribute to the upper airway obstruction.2,4,5,6,7
These include upper airway narrowing secondary to obesity
and upper aerodigestive tract surgery, such as nasal septo-
plasty, laryngoscopy, etc. In the Westreich literature review,
50% of patients had upper aerodigestive tract surgery, and 8%
had intranasal surgery.2 Lorch and Sahn reported that 50% of
the patients in their review had a predisposition to upper
airway obstruction secondary to obesity and/or sleep apnea
syndrome.5 However, not all patients have risk factors for lar-
yngospasm or upper airway obstruction. Our patients did not
have complicated anesthetic courses, did not have upper
airway surgery, and did not have a known diagnosis of sleep
apnea.Only forty threepercentofourpatientswere smokers.
This suggests that this syndrome can occur in any patient
undergoing general anesthesia and that this syndrome may
develop following lapses in anesthetic technique, especially
extubation in Stage 2.8
Upper airway narrowing secondary to laryngospasm and
other anatomic abnormalities, if present, stimulates respi-
ratory effort. The disproportionate number of young men in
the literature series and in our cases suggests that normal or
increased muscular strength is necessary to generate the
high negative intrathoracic pressures needed to cause this
syndrome.7 As the intrathoracic pressure becomes more
negative during this modified Mueller maneuver, blood flow
to the right heart increases, the pulmonary vascular bed
dilates, and the interstitial pressure around the capillaries
becomes more negative. Gas exchange deteriorates and
this causes hypoxemia which stimulates catecholamine
release. This produces systemic hypertension and possibly
pulmonary hypertension and increases ventricular afterload.
This sequence of events causes transcapillary fluid efflux and
interstitial and alveolar edema.9 Fremont recently reported
that the edema fluid in these patients had a low protein
concentration and suggested that the primary mechanism
for fluid accumulation is pressure-related (hydrostatic).10
However, increased pulmonary blood flow can also cause
transient injury to the pulmonary endothelium which would
increase permeability and could contribute to edema forma-
tion. The pulmonary edema develops quickly (in less than
10 min).4 In some patients it follows reintubation and relief
of the obstruction suggesting that the positive end-expira-
tory pressure during laryngospasm retards the formation of
edema.11,12 The edema is usually bilateral (but occasionally
is unilateral).11 see Fig. 1 for example.
These patients usually stabilize with resolution of the
upper airway obstruction. This can occur spontaneously or
may require treatment with bronchodilators or noninvasive
Table 1 Demographics, procedure details, hypoxemic events, and treatments
Patient Age
(y)
Gender BMI Previous
lung
disease
Smoker Procedure Anesthesia
time (min)
Obstructive
event
pO2
(mmHg)
FiO2 PaO2/FiO2 Treatment
1 25 M 23 None No Knee 90 Laryngospasm 82 4L/min NC 248.5 Naloxone
2 36 M 28 None 2 ppd Shoulder 210 Laryngospasm 57 6L/min face mask 146.2 Naloxone Lasix
3 35 M 23.7 None 1/2 ppd Wrist 165 None documented 65 0.35 185.7 Lasix
Aminophylline
4 50 M 22.2 None No Shoulder 83 None documented 66 0.40 165 Lasix
5 35 F 28.2 None No Lap-BTL 50 Patient bit the
endotracheal
tube
87 10L/min face mask 174 Lasix
6 29 M 29.6 None No Wrist 170 None documented 49 Room air 233.3 Lasix
7 75 M 20.8 None No TURP 80 Laryngospasm 68.5 1.0 68.5 Lasix
reintubated
8 30 F 26.4 None 1/2 ppd BTL 27 Bronchospasm 83.3 100% NRB 83.3 Lasix
Aminophylline
9 28 M 22.3 None 1 ppd I&D 120 Laryngospasm 57.5 100% NRB 57.5 Lasix
10 16 M 24.1 None 3 cigs/day Sceral buckle 171 Laryngospasm 63.5 4L/min NC 192.4 Lasix
11 43 M 23.7 None 1 ppd Vitrectomy 335 Laryngospasm 47 0.5 Venti-mask 94 Lasix
12 38 M 32.3 None No ORIF of radius 80 Laryngospasm 81.1 4L/min NC 245.8 Lasix
13 15 M 19.6 None No Knee arthroscopy 151 None documented NA Room air NA Lasix
14 28 M 32.5 None No Knee hardware
removal
103 None documented
(tetany?)
NA 10L/min face mask NA Lasix
Avg 34.5 85.7% M 25.5 57%
Nonsmoker
131.1 67.2 157.9
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1662 Z. Mulkey et al.CPAP. Some patients require intubation to reverse hypox-
emia. In the Halow case series, 70% required reintubation,
and these authors noted that this may be difficult and
hazardous. Only one of our patients required reintubation.
Upper airway anesthesia and tracheal anesthesia with
lidocaine may prevent laryngospasm by inhibiting upper
airway reflexes.13,14 However, this precaution is not
routinely used by anesthesiologists, and there are no
controlled trials to prove this hypothesis. In addition, the
elective use of noninvasive CPAP following extubation in
selected patients may limit upper airway obstruction and
prevent this syndrome, but this approach has not been
systematically studied. These patients definitely require
oxygen therapy. Most patients benefit from modest diuresis
even though they do not have peripheral edema. Patients
recover over 12e24 h and can be dischargedwithin 1e2 days.
In summary, postextubation pulmonary edema continues
to occur. It usually develops in healthy young men who may
not have any risk factors for its development. These patients
probably have laryngospasm as a consequence of extubation
in Stage 2 anesthesia or secondary to an unknown risk
factor(s) that causes laryngeal hyperreactivity.
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